We describe the case of a patient diagnosed with a rhabdomyosarcoma and two distinctly separate non-epithelial ovarian cancers. Granulosa cell tumour and Sertoli-Leydig tumour are rare tumours accounting for less than 10% of all ovarian malignancies. Rhabdomyosarcoma is also rare and more commonly seen in childhood. We link these tumours to a mutation in the forkhead transcription factor proteins.
Introduction
Non-epithelial ovarian cancers (NEOC) account for less than 10% of all ovarian malignancies; the aetiology of these rare tumours remains largely unknown. Rhabdomyosarcoma is a rare form of sarcoma more commonly diagnosed in childhood and is believed to originate from skeletal muscle. We describe the case of a patient diagnosed with a rhabdomyosarcoma and two distinctly separate NEOC.
Case
In 1980 a previously well thirteen-year-old girl presented with an eight-week history of intermittent vaginal bleeding and acute right iliac fossa pain. Clinical examination revealed a right sided abdominal mass. Laparotomy and right salpigo-oophrectomy was performed to remove an abnormal looking "8 × 6" right-sided ovarian mass. The histo-pathology report, reviewed for a second opinion at a reference centre, confirmed a granulosa cell tumour (GCT). No adjuvant treatment was required and the patient remained under clinical surveillance.
In December 1993 the patient, now pregnant aged 26, presented to the ophthalmology department with an acute severely painful red left eye requiring emergency enucleation. Histo-pathological findings confirmed a primary intra-ocular rhabdomyosarcoma positive for desmin, actin and myoglobin on immunohistochemistry, developing in a teratoid medulloepithelioma. Following safe delivery of her daughter, staging investigations revealed no evidence of metastatic disease. The patient received adjuvant therapy with six cycles of chemotherapy (vincristine, ifosfomide and actinomycin D) followed by radiotherapy to the tumour bed (4500 cGy in 20 fractions).
In 2005 a surveillance pelvic ultrasound scan reported the presence of an asymptomatic left ovarian cystic mass. The patient underwent laparotomy, omentectomy, total abdominal hysterectomy and left salpingo-oophrectomy. Histo-pathology reported an intermediately differentiated Sertoli-Leydig cell tumour, FIGO stage 1. No adjuvant treatment was advocated and the patient remains under clinical surveillance. To date, there is no evidence of recurrence of her three previously treated rare malignancies (Figure 1) .
The patient has been genetic counselling which she has declined. There is no known family history of malignancies.
Discussion
The forkhead box (FOX) family of transcription factors are named after the ectopic head structures observed in mutants of the Drosophila gene Fkh, which became the family's founding member and were first described by Weigel and colleagues 25 years ago [1] . Forkhead factors influence a wide range of biological processes including development of cell types from all three germ layers, cell cycle control and cellular survival. Expression of several Fkh genes has been correlated with different cancers [2] [3] .
A single point mis-sense mutation (C134W) was found in the FOXL2 gene in approximately 95% of adulttype GCT, suggesting a key role for FOXL2 in these tumours [4] . Shah and colleagues have postulated that a single mis-sense mutation in FOXL2 (C → G) may be responsible for development of GCT. They reported 86 of 89 morphologically identified GCT had this mutation and have suggested testing for this mutation may improve diagnostic and therapeutic options [5] . In 2011 a Canadian group published a cost effective method for staining FOXL2 and reported 50% of Sertoli-Leydig tumours tested also had a mutation in the gene [6] . The majority of alveolar rhabdomyosarcoma are characterised by a PAX3-FOXO fusion oncoprotein generated by a 2; 13 chromosomal translocation [7] . It is believed that different stages of folliculogenesis, both in oocytes and in somatic granulosa and theca cells, are regulated by FOXC1, FOXL2, and FOXO subfamily members [8] . A report by Missiaglia et al. [9] included 171 patients with alveloar rhabdomyosarcoma, including patients with non-metastatic disease. They reported that the subset with PAX3/FOXO1 mutation had a significantly poorer outcome compared with the PAX7/FOXO1 mutation or the fusion-negative group.
It is possible that the FOX family of transcription factors is associated with the three cancers described in this patient However, linking the tumours, in this patient, to the forkhead transcription factor proteins is impossible without any proven molecular aetiology. Our patient has refused genetic testing.
We would suggest however, that PAX3/FOXO1 fusion gene status is a key molecular marker and may improve risk stratification and therapy of these rare malignancies
Conclusion
We describe what we believe to be the first report of a single patient with these rare tumours. It is possible our patient may harbour a mutation in the FOX transcription factor proteins but has declined genetic testing.
Consent
Formal written consent has been obtained by the patient.
